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Estimation of direct runoff during a storm largely depends on the infiltration characteristics in the catchment area which 
are highly heterogeneous in space and time. Conventionally, a constant value for infiltration rate was adopted during storm 
runoff estimation at regular intervals even for varying rainfall intensities. However, this approach resulted in large anomalies 
in predicted trend in storm hydrograph as well as infiltration patterns. The infiltration index (φ index) calculated based on 
such rainfall intensities is a trial and error process, and can be quite time consuming. Thus, it becomes obvious to consider 
the dynamic variation in infiltration rate for more accurate prediction of hydrologic events. In order to easily determine the φ 
index for different hydrological data, a computer program was developed in this study using MATLAB® platform.  
The adaptive numerical model was validated with four different benchmark problems (incremental and cumulative rainfall 
with long and short durations). It is observed that there is good agreement between the results obtained from the code and 
manually calculated results with significant time saving. Hence, it is imperative that not only hydrologists can make use of 
this approach for calculating the infiltration index for storms with longer duration, but also for implementing technology-
enhanced learning in modern smart classrooms. 
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Introduction 
Infiltration plays a major role in studies pertaining 
to surface and subsurface hydrology, soil erosion, 
irrigation, etc. The rate of infiltration is influenced by 
various factors such as soil surface conditions, 
physical and chemical properties1. Various studies in 
the past were successful in deriving rainfall-runoff 
model to estimate infiltration2-9. Extensive studies 
have been reported in determining the appropriate 
infiltration model that would describe the rate of 
infiltration of the soil for a given physiological 
scenario10-21. Recently, Xu et al.22 studied the runoff 
characteristics under eight rainfall events in two types 
of urban green land (lawn and shrub) in Shanghai 
using the Storm water management model (SWMM). 
The relative errors of runoff and dynamic mean runoff 
for lawn and shrub were within  ± 9.5 % and the 
errors for the peak flow ranged between -21 and 16.6 
%. Ll et al.23 analyzed the impacts of water repellent 
levels of silt loam soil layer during infiltration with 
the help of three column scenarios, namely, silt loam 
over sand, homogeneous wettable silt loam or sand 
and sand over silt loam. They concluded that the 
water repellent level of the silt loam soil layer had 
greater effects on the infiltration than the layer 
position in the column. Sihag et al.24 used Artificial 
Neural Networks (ANN) technique to estimate the 
infiltration rate of the soil. They compared the results 
with other intelligence techniques such as Gaussian 
Process (GP), Gene expression programming (GEP) 
and concluded that the ANN is able to achieve a high 
correlation coefficient of 0.9816 and 0.9133 for 
preparing and testing data, respectively.  
Even though there are numerous studies dealing 
with the rate of infiltration, surprisingly, the 
estimation of infiltration index has not been addressed 
specifically in many of them. The purpose of 
calculating the infiltration index is to adopt a constant 
infiltration for the entire storm duration which makes 
the hydrological calculations very simple. Φ-index 
and W-index are two commonly used indices to 
determine the infiltration index. W-index is 
determined based on precipitation, runoff and initial 
abstraction data of the catchment. Although the 
determination of W-index is easy and direct 
procedure, φ-index has to be determined only by trial 
and error method. In this paper, a MATLAB program 
has been developed to enable researchers and students 








The procedure adopted for the determination of the 
φ-index is based on the rainfall hyetograph designed 
for a particular storm event. A simple and direct 
approach is exemplified here with the help of pulsated 
data which need to be verified for meeting the excess 
rainfall at every time. A rainfall hyetograph of event 
duration D hours is considered having N pulses of 
time interval Δt such that  
 
N. ∆t = D ... (1) 
 
Let Ii be the intensity of rainfall in the i
th pulse and 
Rd  is total direct runoff (cm). 
Total rainfall, P (cm) can be expressed as 
 
 … (2) 
 
For a given duration of rainfall excess (te), the 




If the rainfall hyetograph and the total rainfall 
excess Rd are provided, the φ-index of the storm can 
be easily computed based on the following algorithm: 
 Step 1: Assume that out of given N pulses, M 
number of pulses has rainfall excess (M ≤ N). 
Select M number of pulses in decreasing order of 
rainfall intensity Ii.  
 Step 2: Find the value of φ that satisfies the 
relation  
 Step 3: Using the value of φ obtained in step 2, 
find the number of pulses (Mc) which give rainfall 
excess. Thus, Mc is the number of pulses with 
rainfall intensity Ii ≥ φ. 
 Step 4: If Mc = M, then φ obtained in step 2 is the 
correct value of φ-index. If not, the procedure is 
repeated from step 1 onwards with the new value 
of M until the condition Mc = M is satisfied.  
The methodology adopted in implementing the 
above procedure in the MATLAB code has been 
illustrated in Figure 1. 
 
Results and Discussion 
A MATLAB code has been developed in this paper 
to estimate the infiltration index (Supplementary data: 
Appendix 1). The code can accommodate any type of 
data, i.e. both cumulative rainfall values as well as 
incremental rainfall values. When the code is run, the 
user is requested to give the preference of the type of 
data that he/she would like to enter (1- if the user has 
cumulative rainfall values and 2- if the user has 
incremental rainfall values). The user can then input 
the data either directly in the program, or by calling 
external files in (.csv) or (.txt) formats. The user has 
to specify the condition for direct runoff strategy for 
the given dataset. The program will quickly compute 
the infiltration index based on the given inputs while 
performing the iteration of number of pulses having Ii 
 φ. The code has been validated using four 
benchmark problems adopted from various textbooks 
on engineering hydrology for suiting different 
implementation strategy. 
 
Cumulative rainfall with short duration 
Problem statement: A storm with 10 cm of 
precipitation produced a direct runoff of 5.8 cm. The 
duration of the rainfall was 16 hours and its time 
distribution is given in Table 1. 
Implementation strategy: The user can simply input 
these values as requested by the code. The 
comparison of the results obtained from the code with 
the results provided in the book has been presented in 
Table 2. 
It is observed from Table 2 that the code has 
obtained the infiltration index values in two trials 
while the procedure provided by Subramanya25 has 
 
Fig. 1 — Methodology adopted in the development of the 
MATLAB code 
 




taken three trials. The total simulation time for 
estimation of the φ-index using the MATLAB code 
was 0.027 seconds. This is certainly much faster than 
the time taken for manual calculation of the same and 
is especially appreciable when considering large and 
complex datasets. It is also observed that the results 
obtained from the code are in good agreement with 
those obtained manually. 
 
Incremental rainfall with short duration 
Problem statement: The rates of rainfall for the 
successive 30 min period of a 3-hour storm are: 1.6, 
3.6, 5.0, 2.8, 2.2 and 1.0 cm/hr, respectively.  
The corresponding surface runoff is estimated to be 
3.6 cm. 
Implementation strategy: In this case, the time 
distribution and the incremental rainfall values have 
been provided. Thus, when prompted by the system, 
the user has to give preference 2 before entering the 
data provided in Table 3. The comparison of the 
results obtained from the code with the results 
provided in the book has been presented in Table 4. 
From the Table 4, it is clearly observed that the 
infiltration index values obtained from the code for 
different trials are in good agreement with those 
obtained manually. The time elapsed for this 
simulation was only 0.007 seconds which is 
articulating the coherent use of this code for larger 
dataset. Although the example dataset is small, it 
clearly postulating the true scenario when the user is 
supplying larger dataset to the code in comparison to 
the manual trial-hit method. 
Incremental rainfall with long duration 
Problem statement: A storm with 10 cm 
precipitation produced a direct surface runoff of 5.8 
cm in the equivalent depth unit. The time distribution 
of the storm and the incremental rainfall values are 
given in Table 5.  
Implementation strategy: In this case, only 
incremental rainfall values have been provided similar 
to the previous problem which can be put either as 
(.txt) or (.csv) files. A comparison of the results 
obtained from the code with the results obtained 
manually has been presented in Table 6.  
Table 6 shows that the results are in good 
agreement with those provided manually. Moreover, 
the simulation time taken by MATLAB in this case 
was 0.018 seconds. This indicates the versatility of 
the computer code for calculation over a different 
range of datasets. 
 
Cumulative rainfall with long duration 
Problem statement: A hypothetical example is 
being considered to illustrate the efficacy of the 
model when number of pulses involved is large. The 
time distribution and the cumulative rainfall values 
for this problem have been provided in Table 7. 
Implementation strategy: Since the dataset is large, 
manual calculation of φ-index is going to be 
cumbersome. The MATLAB code plays an important 
role during such situations as it is very efficient in 
providing the solution within a short time.  
A comparison of the results obtained from the code 
with the results obtained manually has been presented 
in Table 8.  
Although there were 20 pulses in this case, 
MATLAB has just taken 0.014 seconds for the 
calculation of φ-index. The computational easiness 
and time saving features of the present code may 
directly be envisaged in promoting further 
complications in the hydrological models inviting 
more complex interactions. In any case, computer 
based estimation of φ-index can help the students  and  
Table 1 — Time distribution and cumulative rainfall25 
Time from start (hr) 0 2 4 6 8 10 12 14 16 
Cumulative rainfall (cm) 0 0.4 1.3 2.8 5.1 6.9 8.5 9.5 10.0 
 
 
Table 2 — Comparison of the MATLAB results with manually 
calculated results 
Trials Subramanya25 Present study 
1st 0.263 cm/h 0.2625 cm/h 
2nd 0.271 cm/h 0.2750 cm/h 
3rd 0.275 cm/h  
 
 
Table 3 — Time distribution and incremental rainfall values26 
Time from start (hr) 0 0.5 1 1.5 2 2.5 3 
Incremental rainfall (cm) 0 0.8 1.8 2.5 1.4 1.1 0.5 
 
 
Table 4 — Comparison of the MATLAB results with manually 
calculated results 
Trials Raghunath26 Present study 
1st 1.5 cm/h 1.5 cm/h 
2nd 1.6 cm/h 1.6 cm/h 
Table 5 — Time distributions and incremental rainfall values27 
Time from start (hr) 0 1 2 3 4 5 6 7 8 
Incremental rainfall (cm) 0 0.4 0.9 1.5 2.3 1.8 1.6 1.0 0.5 
 
 
Table 6 — Comparison of the MATLAB results with manually 
calculated results 
Trials Ojha et al.27 Present study 
1st 0.525 cm/h 0.525 cm/h 
2nd 0.55cm/h 0.55cm/h 




Table 8 — Comparison of the MATLAB results with manually 
calculated results. 
Trials Manual Computational 
1st 0.3675 cm/h 0.3675 cm/h 
2nd 0.3867 cm/h 0.3867 cm/h 
 
researchers to focus more of other features. 
Furthermore, in the modern scenario of technology-
enhanced learning adopted in most of the new age 
schools, translating the existing worked out examples 
to computed programs will not only help the students 
to learn programming skills, but also facilitates deeper 
understanding of the subject such as hydrology. Thus, 
it is strongly recommended that the developed 
program can enhance and facilitate the students as 
well as hydrologists to quickly estimate the φ-index 
for a given storm with any given rainfall-runoff 
characteristics. Moreover, this paper would inspire the 
students of hydrology to develop their own MATLAB 
codes for other hydrological calculations wherein 
manual estimation is cumbersome and time-taking. 
 
Conclusion 
The motivation for the present study is to enable 
the students to easily understand the concept of 
estimating the infiltration index and development of a 
simple algorithm for replacing the manual trial and 
error method. The present MATLAB code has been 
validated using four benchmark problems which are at 
the introductory level and the results are in strong 
agreement with the published results. This would 
serve as a tool for the students pursuing a course on 
engineering hydrology to estimate the infiltration 
index directly without manual calculations. 
Additionally, this would also be helpful to the 
hydrologists in calculating the infiltration index for 
storms with long durations, wherein manual 
calculations become cumbersome and time-taking. 
The key advantage of the structured algorithm enables 
the users to input the data in any format and quickly 
compute the infiltration index which can be a useful 
input for many other decision making models. 
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